Arteriovenous malformation (AVM) patients who initially present with intracerebral haemorrhage may have an identifiable source of bleeding on angiogram, which can be a treatment target. Previous work suggests that the re-bleed rate may be lowered if a weak area is eliminated.
Introduction
A brain arteriovenous malformation (AvMs) is an abnormal connection between arteries and veins with a characteristic nidus. they can present with hemorrhage (50%), epilepsy (40%), and focal neurological deficits or may be asymptomatic. In patients who present with a haemorrhage the incidence of AvM re-bleeding is increased from 2-4% / year to 6-18% / year for at least a year following the initial haemorrhage [1] [2] [3] [4] [5] [6] .
the ideal treatment of an AvM is complete obliteration of the lesion which removes the risk of further haemorrhage and reduces the seizure risk 15 . this is however not always possible at an acceptable risk.
Important factors in deciding whether an AvM is treated include clinical presentation, location, size and features such as venous drainage, which determine the risk of complications. treatment options include microsurgical excision, endovascular neuro-intervention, radiosurgery or observation.
Attempts at cure, particularly with larger lesions, have been associated with a high rate of complications [9] [10] [11] [12] [13] [14] . However an alternative approach to cure is one where endovascular intervention is directed at specific angiographic target areas in an attempt to improve symptoms and reduce the associated morbidity 3, 15, 16 . this study sought to find a clear correlation between presenting with a haemorrhage and having an identifiable angiographic bleeding source. Al- Haemorrhage is mostly in the supra-sellar cisterns and peri-mesencephalic cisterns. there is hemispheral cistern blood but no parenchymal blood that would indicate nidus haemorrhage. 
Subjects and Methods
the Neuro-Endovascular database is an ongoing prospective project collecting clinical and neurovascular notes of patients admitted to groote Schuur and uCt Private Academic Hospitals. All new AvM patients are captured as well as any subsequent symptomatic events though we may be finding something that is a consequence rather than a cause of bleeding it allows more certain correlation between bleed and lesion. As the AvM haemorrhage rate is significantly increased after a bleed, treatment of any weakness responsible for haemorrhage also offers an opportunity to lower this bleed rate to baseline or below. hemorrhage. the demographic profile of the patients is shown in table 1. Subjects presented with a sudden severe headache in 61% of cases and ten subjects (22%) presented with a generalized or focal seizure as a result of their haemorrhage. there were 21 (47%) patients that presented with focal neurological deficits ranging from dysphasia, memory loss, and long tract signs. the average age of the subjects was 36.2 years with a distribution of 11 to 62 years. the median glasgow Coma Score at presentation was 13 and there were no patients that died on arrival or during admission the location of haemorrhage on the presenting scans, categorized as either intracerebral haemorrhage, intraventricular hemorrhage or subarachnoid hemorrhage, significantly correlated with the identified bleeding source using Chi-square analysis (table 2). Nine patients presented with SAH and of these five had bleeding from an aneurysm distant from the nidus (figures 1-3), only two patients with nidal rupture developed significant SAH. twentyeight patients had a parenchymal haemorrhage associated with the nidus and in 17 of these patients no bleeding point was visualized, however of the 11 where a weakness was found, eight had an intranidal false aneurysm (figures 4-6).
the source of bleeding (table 3) was identified in 18 subjects with 19 episodes of hemorrhage. Eleven of the patients had a clear intranidal rupture with a false aneurysm visible on dSA done shortly after presentation. Eight patients did not bleed from the nidus, five bled from a flow-related aneurysm, two from an associated aneurysm and one from a venous pouch. the patient that presented with a repeat bleed, had a right parietal AvM that initially presented with SAH and a ruptured flow related aneurysm was identified on the anterior communicating artery, the aneurysm was widenecked and it was not amenable to endovascular treatment, he re-presented a month later with intracerebral hemorrhage and no source of the bleeding could be found, so he was managed conservatively, he presented after four years with another intracerebral hematoma, an intranidal aneurysm was identified and treated, he has not bled since.
All the subjects with an identifiable source of hemorrhage were managed with targeted endovascular treatment and this was successful in 90% of the cases. there was a 9% procedure related complication rate, one patient had glue reflux with no clinical consequences and the that patients may present with. Subjects were selected from the database if they were presenting for the first time and had an arteriovenous malformation presenting with haemorrhage. A retrospective folder review was conducted to find the demographic and clinical data of the subjects. All patients had undergone a Ct brain scan that identified the hemorrhage. A consensus review of all the scans was conducted by the authors to identify the location of the hemorrhage (intracerebral, subarachnoid or intraventricular) and associated findings such as, cerebral oedema, mass effect and hydrocephalus. the haemorrhage site was then compared to the AvM angioarchitecture as seen on dSA in order to identify the source of the bleeding.
the bleeding point was identified by looking for the presence of an aneurysm or a venous pouch. A flow-related aneurysm was defined as a downstream saccular aneurysm in a vessel supplying the nidus and an intranidal false aneurysm was identified as a defect with a smooth wall that was larger than the nidus channels with contrast often lingering within the defect. Nidus irregularities that did not demonstrate all these features were ignored as the identification of a nidal aneurysm other than a false aneurysm is subjective, relying on dSA quality, timing and observer opinion. An associated aneurysm was defined as a saccular aneurysm located away from the vessels supplying the nidus. A venous pouch was a localized eccentric dilation of a vein draining the nidus.
the angiograms were also assessed for location and size of the nidus, fistulous and choroidal supply, the number of draining veins and deep venous drainage. the angiograms and angiogram notes were used to assess the neurointervention for technical success and complication occurrence.
follow-up data was collected from folders. A telephonic interview was also conducted to assess the clinical status of the subjects with particular interest on the: current level of function, presence of headaches, seizures, residual focal deficits and history of rebleeding.
Results
In the review period 100 new subjects presented with a cerebral AvM. the group that presented with hemorrhage was comprised of 41 subjects who collectively had 44 episodes of patients had surgical excision of the nidus at the time of haematoma removal. A further three had radiosurgery with cure on follow-up angiography. the remaining patients had only partial embolization as a treatment strategy.
Long-term follow-up data were only available for 30 patients as some patients were referred from far away and were not contactable. 1074 months of patient follow-up were completed for this cohort (mean of 34 months). Only one patient had rebleeding during this period and bled on two separate occasions giving an annual haemorrhage rate of 0.7% other had thrombi-embolic occlusion of a distal left MCA branch with transient dysphasia, there was no long-term morbidity related to the procedure. the procedure had to repeated on some patients in order to achieve the targeted result. there was no mortality related to the procedure.
Surgical intervention to relieve mass effect from the AvM bleed was required in only three patients. Of the 41 patients who presented with haemorrhage 11 (27%) were considered cured during the follow-up period. Six were endovascularly cured with NBCA embolization, two rhage is consistent with the natural history so this sample is likely representative of a larger AvM population. It has been previously shown that the location of hemorrhage could not be used to predict the presence of an aneurysm 29 . In our cohort, patients that presented with a subarachnoid hemorrhage were more likely to have bled from a flow-related or associated aneurysm and patients presenting with intracerebral bleeding more likely to have a nidal false aneurysm. Based on this finding AvM patients who present with SAH should be carefully investigated, to look for an aneurysmal source of bleeding.
We were unable to conclusively identify the source of haemorrhage in 25 out of 44 bleeding episodes (57%) which is dissapointing. We did however apply strict criteria when reviewing the presenting scans and angiograms. there had to be a good correlation between the haemorrhage site and the angiographic weakness and we only identified intranidal false anerysms as a nidal bleeding source. Although other nidal irregularities were observed, and some were even called nidal aneurysms in procedure notes, we ignored these lesions because they could not definetely be identified as the bleeding site. Nidal aneurysms have been associated with a higher haemorrhage risk however there is currently no clear evidence that it is the nidal aneurysm that ruptures when this patient group presents with haemorrhage 6,7,25 .
Other authors have identified flow-related and associated AvM aneurysms as a sign of vessel fragility, as this group of patients has a higher haemorrhage rate, although the source of bleeding was not felt to be aneurysmal 5, 6, 15 . In our series, five episodes of bleeding out of 44 were identified as aneurysmal in origin. given that only seven patients in this study were identified as having flow/associated aneurysms our findings offer a different perspective and perhaps AvM-related aneurysms should be considered a bleeding source.
We use neuroendovascular embolization as our first line of treatment for patients that have an identified angioarchitectural target. All patients presenting with hemorrhage were embolized with NBCA and one patient was treated with Onyx. NBCA has been shown to effectively occlude AvM feeders and the AvM nidus. Only three patients had a craniotomy 7, 30, 33 to evacuate the hemorrhage because of mass effect confirming that AvM-related bleeds are often well tolerated and that emergency sur-
Discussion
Arteriovenous malformations present with haemorrhage in 50% of cases, this accounts for 2% of all patients presenting with stroke 17, 18 . there is an equal gender distribution of all patients that have an AvM, but there are slightly more male patients than females who present with a haematoma 19 . Multiple factors have been found to be associated with an increased risk of hemorrhage such as a single draining vein, deep seated AvM location, small size AvM, deep venous drainage, advanced age and aneurysms associated with an AvM 20, 28 . the annual risk of hemorrhage in a patient with an unruptured AvM is 2-5% / year with annual morbidity and mortality rate of 1% and 2.7% respectively [1] [2] [3] 19 . the ruptured AvM rebleeding risk is 6%-18% within the first year and it drops to 2% per year 29 for the next 20 years. this is most likely because the rupture point remains weak and susceptible to re-haemorrhage until vascular repair is complete.
for AvMs presenting with haemorrhage the primary treatment objective remains exclusion and cure of the AvM and associated vascular weaknesses. this is however not possible in all cases as sometimes the AvM is too large or the lesion is inaccessible. Even in patients where cure is possible by surgery or radiosurgery, exclusion of the recent bleed site is advantageous. In the case of surgery it makes haematoma drainage possible without the need to urgently exclude the AvM, which can be operated on electively. In patients who require radiosurgery it could reduce the high bleed risk that the patient faces in the next year or two to a safer level.
Partial targeted embolization is a safe alternative to complete excision or occlusion of an AvM and a useful adjunct even when these treatments are planed. In patients that present with haemorrhage, a localised area of weakness representing the rupture point can be identified in some patients 9 . Le feuvre et al. had a cohort of nine patients that had intranidal aneurysms, which were a treatment target 15 . the one-year follow-up of these patients showed a lower rebleeding rate than expected. the present study sought to analyze in more detail the group of AvM patients presenting with haemorrhage.
We had one hundred patients that presented with a brain AvM over a six-year period and only 41 patients initially presented with hemorrhage. these numbers are small but the distribution of the patients that presented with hemor-Although follow-up data were not complete for all patients the rebleed rate of 0.7% was significantly lower than would be expected for patients presenting with haemorrhage.
Conclusion
In just under a half of patients with AvM bleeding a source of haemorrhage can be identified on dSA and in most cases this will be an intranidal false aneurysm. flow-related and associated aneurysms in patients with brain AvM can cause haemorrhage. these patients are more likely to have SAH than intracerebral haemorrhage. these weak points are a good target for partial endovascular treatment, are usually accessible and may reduce the higher haemorrhage rate expected over the next two years. gery is not required unless patients have deteriorating symptoms.
Partial targeted embolization was our primary treatment for all those patients that had an intranidal false aneurysm. All of the patients with an intranidal aneurysm could have a catheter passed up to or into the nidus and the false aneurysm was occluded successfully. the flowrelated aneurysms were all easily accessible on the AvM feeding artery and all patients were treated using bare platinum coils except for one patient who had a wide-necked anterior communicating artery aneurysm that could not be embolized. this aneurysm was thought to be the source of bleeding in this patient and was the only patient where the target could not be treated. this patient was the only one to rebleed in the series. Associated aneurysms have been thought to signal a widespread vasculopathy but we found these to be uncommon.
